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The basic reproduction number (R0) of an infection is the mean number of secondary cases a single 
infectious person causes in a completely susceptible 
population. The magnitude of R0 is used to measure 
the risk and spread of an epidemic or pandemic. To 
control an outbreak, the R0 should be reduced to <1 
through interventions, such as vaccination. Because 
little information is available at the beginning of an 
epidemic, the estimated R0 commonly is used to as-
sess public health preparedness needs, the impact of 
the possible epidemic, and success of the control mea-
sures. Information on R0 often is lacking for emerging 
diseases like chikungunya, a mosquito-borne viral 
disease of humans and nonhuman primates.
&KLNXQJXQ\DYLUXV&+,.9LVDPHPEHURIWKH
Alphavirus genus (family Togaviridae) transmitted 
by Aedes mosquitoes, primarily Ae. aegypti and Ae. al-
bopictus. Ae. aegypti mosquitoes are aggressive human 
ELWHUVDQGWKHPDLQYHFWRUVIRU&+,.9RXWEUHDNVLQ
Asia, where epidemics occur primarily in urban set-
tings (1). Ae. albopictus mosquitoes, on the other hand, 
feed from several mammals besides humans and are 
UHVSRQVLEOHIRU&+,.9RXWEUHDNVLQUXUDODQGXUEDQ
areas in Africa (1).
&+,.9RXWEUHDNVZHUHUHSRUWHGIURP!FRXQ-
tries worldwide during 2014–2019 (2). Epidemiologic 
XQGHUVWDQGLQJ RI &+,.9 FKDQJHG DIWHU RXWEUHDNV
RQ WKH LVODQG RI /D 5pXQLRQ LQ WKH ,QGLDQ 2FHDQ 
during 2005–2006, when Ae. albopictus mosquitoes 
ZHUHLGHQWLÀHGDVWKHRXWEUHDNYHFWRU1,3). The glob-
DOH[SDQVLRQRI&+,.9SDUWLDOO\LVDWWULEXWHGWRYLUDO
adaptation to this new mosquito vector, which facili-
tated a mutation in the coding for the envelop protein 
$9($9JHQHRI&+,.9LQFUHDVLQJWKH
competence of Ae. albopictus mosquitoes to transmit 
the virus from mosquitoes to humans (1–3).
In humans, CHIV infection is characterized by 
sudden onset of intense polyarthralgia, high fever, 
DQGVNLQ UDVK&+,.9FDXVHVGHELOLWDWLQJ MRLQWSDLQ
that can limit daily activities and last a few months 
to several years (2); progression to the chronic stage 
(>3 months) occurs in 4.1%–78.6% of cases (4). To esti-
mate R0RI&+,.9RXWEUHDNVZHDQDO\]HGHPSLULFDO
data on R0 available from open sources.
The Study
We used the search terms “Basic reproduction num-
ber” or “R0µ $1' ´FKLNXQJXQ\Dµ WR LGHQWLI\ SXE-
OLVKHGDUWLFOHVIURP*RRJOH6FKRODUDQG3XE0HG:H
LGHQWLÀHGDUWLFOHVGHVFULELQJHVWLPDWHG50RI&+,.9
from outbreak data during 2000–2019. We found 5 ar-
WLFOHVRQRXWEUHDNVLQ$IULFDDOORQ/D5pXQLRQ3,5–8); 
1 on an outbreak in Cambodia (1); 2 on outbreaks in 
Italy (9,10); and 3 on outbreaks in the Americas (11,12; 
1%iH]+HUQiQGH]HWDOXQSXEGDWDKWWSVZZZ
ELRU[LYRUJFRQWHQWY
The authors estimated R0 by using mathematical 
FRPSDUWPHQWDO PRGHOV ÀWWHG ZLWK UHVSHFWLYH RXW-
break data (1,3,5–12). We considered the estimated 
YDOXHV FRPSDUDEOH DQG H[WUDFWHG WKH 50 from each. 
We then estimated the weighted mean R0RI&+,.9
based on outbreak size, such as number of reported 
cases included in the estimation of R0 in the original 
article, and further estimated the mean R0 for differ-
ent mosquito vectors and E1-A226V gene mutations.
7KH ODUJHVW &+,.9 RXWEUHDN RFFXUUHG RQ /D
Réunion and affected 266,000 of the 785,000 inhabit-
ants (3). Several models with differing levels of data 
%DVLF5HSURGXFWLRQ1XPEHU 
RI&KLNXQJXQ\D9LUXV7UDQVPLWWHG
by Aedes Mosquitoes
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estimated the R0RIWKH/D5pXQLRQRXWEUHDNVEHWZHHQ
0.89 and 4.1 (3,5–7). The R0 also was estimated from 
&+,.9RXWEUHDNV LQ ,WDO\ LQ 10) and 2017 (9), 
Cambodia in 2012 (1), Venezuela in 2014 (11), Colom-
bia in 2015 (12DQG0H[LFRLQ1%iH]+HUQiQ-
GH] HW DO XQSXE GDWD KWWSVZZZELRU[LYRUJ
FRQWHQWY7DEOH
We estimated the weighted mean R0 RI&+,.9
to be 3.4 (95% CI 2.4–4.2). We analyzed the data and 
estimated the R0 for Ae. aegypti and Ae. albopictus mos-
quitoes separately for outbreaks in which the R0 of 
&+,.9ZDVGHVFULEHGIRUHDFKVSHFLHV:HHVWLPDWHG
the R0 to be 4.1 (95% CI 1.5–6.6) for Ae. aegypti mosqui-
toes and 2.8 (95% CI 1.8–3.8) for Ae. albopictus mosqui-
toes. Although the difference is not statistically signif-
LFDQWS ZHH[SHFWHGDORZHU50 for outbreaks 
involving Ae. albopictus mosquitoes because this spe-
cies also feeds on animals, which might have reduced 
the attack rate on humans and transmission across 
the population. However, outbreaks associated with 
Ae. albopictus mosquitoes can be prolonged and the 
outbreak response can have economic consequences. 
We estimated the R0 to be 3.5 (95% CI 1.9–4.9) during 
outbreaks involving the E1-A226V mutation, which is 
higher than R0 of 2.1 from the 2017 outbreak in Italy 
that did not have the gene mutation.
&+,.9 LQIHFWLRQV DPRQJ KXPDQV FDQ KDYH VH-
vere health consequences, despite the low case fatality 
UDWH&+,.9LQIHFWLRQKDVVWDJHVDFXWHSRVWDFXWH
and chronic. The acute phase usually lasts for 1–3 
weeks and is characterized by fever, intense myalgia, 
arthralgia, and symmetric joint pain in both legs that 
can limit even the simplest daily activities. The post-
acute stage usually lasts 1–3 months after the acute 
SKDVH DQG LV FKDUDFWHUL]HG E\ SHUVLVWHQW LQÁDPPD-
tory arthralgia, arthritis, tenosynovitis, and bursitis. 
The chronic stage starts after 3 months and can last 
for months to years after acute infection (2).
In a study in Brazil, >RISHUVRQVZLWK&+,.9
remained chronically infected for up to 1 year (13). On 
Réunion Island, a small group of patients had clinical 
signs for 6 years. Although the reason for persistence 
is unclear, it might be strain related and associated 
with the E1-A226V mutation. Therefore, despite be-
ing less severe and causing fewer deaths than other 
PRVTXLWRERUQHGLVHDVHV&+,.9FDQKDYH OLQJHULQJ
physical and psychological consequences for those af-
IHFWHG,QIHFWHGSHUVRQVDOVRFDQH[SHULHQFHHFRQRPLF
consequences because they might not be able to work 
for several weeks or more.
R0 does not remain constant. For arboviruses, R0 
can vary based on the density of hosts and vectors; 
mosquito species, survival, and biting rate; and vec-
tor competence and capacity, all of which can depend 
on environmental and microclimatic factors. Further, 
the vector competence of Ae. aegypti mosquitoes for 
&+,.9PLJKWEHGLIIHUHQWIURPWKDWIRUAe. albopictus 
PRVTXLWRHVZKLFKFRXOGLQÁXHQFHRXWEUHDNG\QDP-
LFV )RU H[DPSOH  VWXG\ UHSRUWHG WKH WUDQVPLVVLRQ
HIÀFLHQF\RIAe. albopictus mosquitoes as 97% and of 
Ae. aegypti mosquitoes as 83% (14). 
The outbreaks included in our study occurred in 
tropical and subtropical countries and in the more 
temperate climate of Italy. We did not consider cli-
matic conditions during reported outbreaks, which 
might play a role in determining the size and R0 of 
&+,.9 RXWEUHDNV :H DOVR GLG QRW FRQVLGHU WKH
YDULDWLRQRIGDWDTXDOLW\LQSXEOLVKHGDUWLFOHVH[FHSW
for the outbreak size, which might affect estimated 
R0 +RZHYHU GHÀQLQJ DGMXVWPHQWV IRU GDWD TXDOLW\
ZRXOGKDYHEHHQGLIÀFXOWDQGPLJKWKDYHLQWURGXFHG
unwanted bias.
Conclusions
We found the overall mean R0 IRU &+,.9ZDV 
(95% CI 2.4–4.2). Our estimated R0 of 4.1 (95% CI 1.5–
6.6) for Ae. aegyptiPRVTXLWRHVVXJJHVWV&+,.9FRXOG
spread rapidly and cause high disease incidence in 
urban areas, where this species thrives. Our estimat-
HG&+,.950 for Ae. albopictus mosquitoes of 2.8 (95%  
Table. 7KHEDVLFUHSURGXFWLRQQXPEHU50RIFKLNXQJXQ\DYLUXVHVWLPDWHGIURPHPSLULFDORXWEUHDNGDWD, 2000– 
Year Country or region Continent R0 UDQJH&, 
0RVTXLWR
VSHFLHV Lineage 
E1A226V 
PXWDWLRQ Reference 
2006 La Réunion Africa 4.1 Ae. albopictus Indian Ocean Y (3) 
2006 La Réunion  Africa – Ae. albopictus Indian Ocean Y (7) 
2006 La Réunion  Africa – Ae. albopictus Indian Ocean Y (5) 
2006 La Réunion  Africa  Ae. albopictus Indian Ocean Y (6) 
2006 La Réunion  Africa –11) Ae. albopictus Indian Ocean Y (8) 
 Italy (XURSH –6.0) Ae. albopictus Indian Ocean Mixed (10) 
2012 Cambodia Asia – Ae. aegypti Asian Y (1) 
2014 Italy (XURSH –2.6) Ae. albopictus Indian Ocean N (9) 
2014 9HQH]XHOD South America  Ae. aegypti Asian N (11) 
 Mexico North America  Ae. aegypti Asian N † 
2014 Colombia South America 1– Ae. aegypti Asian N (12) 
(QYHORSH$9JHQH 
†N. Báez+HUQiQGH]HWDOXQSXE GDWDKWWSVZZZELRU[LYRUJFRQWHQWY 
 
 (PHUJLQJ,QIHFWLRXV'LVHDVHVZZZFGFJRYHLG9RO1R2FWREHU 
CI 1.5–6.6) was lower than for Ae. aegypti mosquitoes. 
In rural areas, where Ae. albopictus mosquitoes are 
more prevalent, sylvatic cycles, maintenance of bio-
diversity including natural mosquito populations, 
and presence of hosts other than humans might re-
duce the effects of an outbreak. Early interventions 
targeting Aedes mosquitoes will be vital to controlling 
&+,.9RXWEUHDNV
$OODXWKRUVDUHSDUWRI3$1'25$,'1(7&RQVRUWLXP
funded by the European and Developing Countries  
Clinical Trials Partnership (EDCTP2) program (EDCTP 
grant no. RIA2016E-1609), which is supported under  
+RUL]RQWKH(XURSHDQ8QLRQ·V)UDPHZRUN 
Programme for Research and Innovation. The members 
were part of an international outbreak response on  
chikungunya virus outbreaks in Republic of Congo.
G.I. and F.V. acknowledge support for research on  
HPHUJLQJLQIHFWLRQVIURPWKH,WDOLDQ0LQLVWU\RI+HDOWK
WKURXJKJUDQWVWR5LFHUFD&RUUHQWHOLQHDWR1DWLRQDO 
,QVWLWXWHIRU,QIHFWLRXV'LVHDVHV/D]]DUR6SDOODQ]DQL
IRCCS, Rome. G.I., F.V., and A.Z. are members of the 
International Public Health Crisis Group that performs 
independent analysis and research activities on epidemic 
and endemic events naturally occurring or related to the 
deliberate release of pathogens, and provides strategic,  
organizational, educational, logistic support, and advice 
for preparedness and response. F.V. and G.I. are  
professors at Saint Camillus International University of 
Health Sciences, Rome, Italy.
About the Author
Dr. Haider is a veterinarian, epidemiologist, and public 
health researcher based in the Royal Veterinary College, 
/RQGRQ8.+LVUHVHDUFKLQWHUHVWVIRFXVRQHPHUJLQJ 
LQIHFWLRXVGLVHDVHVLQFOXGLQJFKLNXQJXQ\DDQG/DVVD
fever virus, and interrupting the chain of transmission.
References
 5RELQVRQ0&RQDQ$'XRQJ9/\61JDQ&%XFK\3 
et al. A model for a chikungunya outbreak in a rural  
&DPERGLDQVHWWLQJLPSOLFDWLRQVIRUGLVHDVHFRQWUROLQ 
XQLQIHFWHGDUHDV3/R61HJO7URS'LVH 
KWWSVGRLRUJMRXUQDOSQWG
 9DLUR)+DLGHU1.RFN51WRXPL),SSROLWR*=XPOD$
&KLNXQJXQ\DHSLGHPLRORJ\SDWKRJHQHVLVFOLQLFDOIHDWXUHV
PDQDJHPHQWDQGSUHYHQWLRQ,QIHFW'LV&OLQ1RUWK$P
²KWWSVGRLRUJMLGF
 <DNRE/&OHPHQWV$&$$PDWKHPDWLFDOPRGHORI 
FKLNXQJXQ\DG\QDPLFVDQGFRQWUROWKHPDMRUHSLGHPLFRQ
5pXQLRQ,VODQG3/R62QHH 
KWWSVGRLRUJMRXUQDOSRQH
 5RGUtJXH]0RUDOHV$-&DUGRQD2VSLQD-$)HUQDQGD
Urbano-Garzón S, Sebastian Hurtado-Zapata J. Prevalence  
RISRVWFKLNXQJXQ\DLQIHFWLRQFKURQLFLQÁDPPDWRU\ 
DUWKULWLVDV\VWHPDWLFUHYLHZDQGPHWDDQDO\VLV 
$UWKULWLV&DUH5HV+RERNHQ² 
KWWSVGRLRUJDFU
 'XPRQW<&KLUROHX)9HFWRUFRQWUROIRUWKHFKLNXQJXQ\D 
GLVHDVH0DWK%LRVFL(QJ²KWWSVGRLRUJ
PEH
 %DFDsU1$SSUR[LPDWLRQRIWKHEDVLFUHSURGXFWLRQ 
number R0 for vector-borne diseases with a periodic  
YHFWRUSRSXODWLRQ%XOO0DWK%LRO² 
KWWSVGRLRUJV
 'XPRQW<&KLUROHX)'RPHUJ&2QDWHPSRUDOPRGHOIRU
WKHFKLNXQJXQ\DGLVHDVHPRGHOLQJWKHRU\DQG 
QXPHULFV0DWK%LRVFL²KWWSVGRLRUJ
MPEV
 %RsOOH3<7KRPDV*9HUJX(5HQDXOW39DOOHURQ$- 
Flahault A. Investigating transmission in a two-wave epidemic 
of chikungunya fever, Réunion Island. Vector-Borne Zoonotic 
'LV²KWWSVGRLRUJYE]
 0DQLFD0*X]]HWWD*3ROHWWL3)LOLSSRQL)6ROLPLQL$
Caputo B, et al. Transmission dynamics of the ongoing  
FKLNXQJXQ\DRXWEUHDNLQ&HQWUDO,WDO\IURPFRDVWDODUHDV 
to the metropolitan city of Rome, summer 2017. Euro  
6XUYHLOOKWWSVGRLRUJ
7917.ES.2017.22.44.17-00685
 3ROHWWL30HVVHUL*$MHOOL09DOORUDQL55L]]R& 
0HUOHU67UDQVPLVVLRQSRWHQWLDORIFKLNXQJXQ\DYLUXVDQG
FRQWUROPHDVXUHVWKHFDVHRI,WDO\3/R62QHH
KWWSVGRLRUJMRXUQDOSRQH
 /L]DUD]R(9LQFHQWL*RQ]DOH]0*ULOOHW0(%HWKHQFRXUW6 
'LD]22MHGD1HWDO6SDWLDOG\QDPLFVRIFKLNXQJXQ\D
YLUXV9HQH]XHOD(PHUJ,QIHFW'LV²
KWWSVGRLRUJHLG
 3HxD*DUFtD9+&KULVWRIIHUVRQ5&&RUUHODWLRQRIWKHEDVLF
reproduction number (R0) and eco-environmental variables 
in Colombian municipalities with chikungunya outbreaks 
GXULQJ²3/R61HJO7URS'LVH
3XE0HGKWWSVGRLRUJMRXUQDOSQWG
 'LDV-3&RVWD0&1&DPSRV*63DL[mR(61DWLYLGDGH06
Barreto FR, et al. Seroprevalence of chikungunya virus after 
LWVHPHUJHQFHLQ%UD]LO(PHUJ,QIHFW'LV²
3XE0HGKWWSVGRLRUJHLG
 9HJD5~D$=RXDFKH.*LURG5)DLOORX[$%/RXUHQoR
de-Oliveira R. High level of vector competence of Aedes 
aegypti and Aedes albopictus from ten American countries as 
a crucial factor in the spread of chikungunya virus. J Virol. 
²KWWSVGRLRUJ-9,
$GGUHVVIRUFRUUHVSRQGHQFH1DMPXO+DLGHU&HQWUHIRU(PHUJLQJ
(QGHPLFDQG([RWLF'LVHDVHV5RRPQR&((5R\DO9HWHULQDU\
&ROOHJH8QLYHUVLW\RI/RQGRQ+DZNVKHDG/Q1RUWK0\PPV
+HUWIRUGVKLUH$/7$8.HPDLOQKDLGHU#UYFDFXN
%DVLF5HSURGXFWLRQ1XPEHURI&KLNXQJXQ\D9LUXV
